The antigenic relations of 19 serotypes of avian mycoplasma were studied by immunodiffusion and growth inhibition. M. galli septicum and M. synoviae had no cross reactions with other sero types. According to the degree of cross reaction by both tests mentioned and the sharing of identical antigenic components by the gel-diffusion test, the 19 serotypes were classified into 9 groups. A modified disc growth inhibition with standardized inocula was adopted. This uses small quantities of antisera and is easy to in terpret.
INTRODUCTION
The classification of mycoplasma from avian origin has been a slow and controversial process. Work by White ( 15) and Gian forte (9) suggested that there was only one serotype or species. Two antigenic types of Mycoplasma were demonstrated by Adler (1) from chickens and turkeys. More types have since been added to the list. Moulton and Adler ( 11) described another strain be lieved to be antigenically distinct. Yamamoto and Adler (16) identified 5 distinct antigenic types from the study of mycoplasma strains. The number of serotypes was increased to eight by Kleck ner ( 10). Fabricant ( 5) recognized six distinct groups of myco plasma, and 4 additional untyped strains .
a flame or in a flask in a water bath to 80 C. It was then filtered through a wire strainer to remove large particles and put through five layers of cheesecloth. The medium was heated again to 80 C and refrigerated overnight. The third day the mixture was filtered through large sheets of Whatman No. 1 paper and then through a Hormann filter with No. 5 pad. The pH was adjusted to 7.5 to 7.6 with 2% sodium hydroxide solution. The mixture was heated again to 80 C in a pail or in a water bath for 15 minutes. The fol lowing salt mixture was then added: 8.07 g sodium phosphate and 1.93 g potassium pho3Phate. The medium was again refrigerated overnight. On the fourth day the pH was readjusted to 7.5, DPN was added (0.1 g per liter), and the medium was sterilized by filtration through a Hormann No. 8 pad. The medium was dis pensed in 500-ml bottles and stored at 4 C. When needed, 1 L of the stock solution was mixed with 100 ml of sterile rabbit serum, 5 ml of penicillin stock solution, and 0.5 ml of thallium acetate stock solution.
Antigens for immunization. Cultures for the preparation of im munizing antigens were grown in the modified rabbit VF medium described. Every strain, after purification, was passed at least 4 times in this medium before the antigen was prepared. A flask with 1 L of medium prewarmed at 37 C was inoculated with 15 to 20 ml of an actively growing culture, and incubated aerobically at 37 C for 24-48 hours. When the culture was at the peak of the exponential growth phase, the organisms were harvested by centri fugation in a Spinco preparative ultracentrifuge, model L, using the No. 30 rotor at 73,368 X g for 25 minutes at 4 C. The organisms were washed twice in phosphate-buffered saline and resuspended in the same buffer to achieve a 250-to-500-fold concentration. The antigen was stored frozen at -65 C until use. The amount of growth was determined by titrating a sample from the growth flask. Serial tenfold dilutions were made in broth medium. From each dilution, three drops (0.005 ml each) were placed on slightly dried agar in grid-marked plates, which were then incubated at 37 C for 3 to 5 days to allow colonies to develop. Colonies were counted with a microscope at 35X. From the average of the 3 counts the number of colony-forming units ( CFU) per milliliter was determined. Cultures with less than 10 7 colony-forming units per ml were not used for immunization purposes. Cultures were checked for con tamination at every passage by inoculating blood agar and FM agar plate.
Antigens for immunodiffusion tests. Diffusion antigens were ob tained by a procedure similar to the one used for preparation of antigen for immunization except that FM broth was used as growth medium. The antigens were reconstituted to achieve a 100-fold concentration of the original volume. They were frozen and thawed 10 times in solid carbon dioxide and ethanol and stored frozen at -65 c.
Antiserum production. Antisera were prepared by the follow ing procedure. Young adult white New Zealand rabbits were inocu lated subcutaneously and intramuscularly with 1 ml of the con centrated antigen mixed 1 :1 with incomplete Freund's adjuvant. A second injection of the antigen-adjuvant mixture was given 10 days later by the same routes. One week after the second injection a series of five intravenous inoculations was started. They were administered 3-4 days apart, and consisted of one ml of concen trated antigen. Rabbits were bled 10 to 15 days after the last inocu lation. Blood was obtained from the marginal ear vein. The serum was collected and stored at -65 C.
Agar-gel diffusion test. The diffusion medium consisted of 0.8 g agarose, 5 ml borate buffer (pH 8.6), and 95 ml physiological saline. One ml sodium azide (10% stock solution) was added to prevent contamination, and 1 ml trypan blue (0.5% stock) to pro vide contrast. The agarose suspended in the saline and buffer was autoclaved for 15 minutes, and, while hot, the sodium azide and the trypan blue were added aseptically. The tests were performed in 50 X 12-mm plastic plates with tight lids. Five ml of diffusion medium was deposited in each plate, and when the agar had hardened excess humidity was removed by 2 hours of incubation at 37 C with the lids loosely placed. Wells were made in the agar with a metal cork borer connected to a vacuum line with rubber tubing and following a pattern placed under the plate. The wells were 5 mm in diameter. They were filled with approximately 0.05 ml of the reactants. The distance between wells was 7 mm. They were filled once from sterile Pasteur pipettes, and the plates were left at room temperature. Plates were read with a viewing box under indirect lighting. The results were recorded by hand-drawing of precipitin lines, and photographs usually taken after 4 days incuba tion.
Growth-inhibition tests. For this test, plates with FM medium were used. The agar medium was poured into square plastic petri dishes, 100 X 15 mm, which had grid marks. Before use, the plates 
11
I I

I I I
were placed in an incubator at 37 C for one hour to dry the surface. The culture to be tested was diluted serially in sterile broth medium, and 0.2 ml of each dilution was spread over the dry surface with a bent glass rod. When the inoculum had dried ( approximately � hour), filter paper discs of 5 mm diameter soaked in hyperimmune sera were placed gently on the agar surface with sterile forceps. The plates were incubated right-side up in a humidified chamber at 37 C for 5-7 days, and then read. The zone of inhibition was measured in mm.
RESULTS
lmmunodiffusion. All rabbits used to prepare the antisera were bled before immunization. These sera failed to react with antigens of all serotypes. Likewise, hyperimmune sera did not react with concentrated uninoculated medium. Antigens and antisera were used undiluted in the diffusion test, and sera were not heat-inacti vated. Wells were filled once with 0.05 ml of the reactants. The plastic plates with the reactants were incubated at room tempera ture in a sealed container. Several patterns were used to allow simultaneous comparison of different combinations of antigens and antisera in the same plate. The presence of some heterologous but cross-reacting sera in the wells adjacent to the homologous system sometimes influenced the intensity and number of lines. Several criteria were used in evaluation of the cross reactions; number and intensity of lines and sharing of antigenic components were all considered.
In the double-diffusion tests employed here, particular at tention was paid to the formation of a pattern of fusion of band tips, since it implies that the two antigens being compared are identical serologically. The complexity of the homologous pattern often tended to obscure recognition of identity reactions. Some of the precipitation lines were diffused bands; in this case the width and diffusivity of the band frequently gave a false appearance of fusion between homologous and heterologous lines. For this reason the exact relationship between some of the cross-reacting com ponents was not always determined.
M. gallisepticum (Serotype A) is very distinct. There were no cross reactions with any other serotypes. The homologous sys tem had four precipitating lines (Fig. 1) . M. synoviae (Serotype S) is also very distinct. No cross reac tions were observed under the same circumstances.
M. meleagridis (Serotype H) had minor cross reactions with serotypes Mand E (Fig. 2) .
L serotype showed very little cross reaction. Serotype B had major cross reactions with serotype M and minor ones with sero types E, F, G, H, and Q. When B was used as the antigen, sero types B and M had at least four identical lines.
Serotype Chad major cross reactions with serotypes D, 0, and P when C was used as antigen. Serotypes C, D, 0, and P shared at least one antigenic component as determined by a reaction of identity (Fig. 3) .
Serotype D had major crosses with serotypes 0, and also with P when D was used as antigen.
Serotype O had major cross reactions with serotypes C, G, and P, and minor ones with serotypes E, G, and H.
Serotype P had major crosses with serotypes C, D, and 0, and minor ones with H serotype when P was used as antigen. 
·' CFU/ml, colony-forming units per milliliter. Zone of inhibition in millimeters with indicated serotype Serotypes I, J, K, N, Q, and R formed a very closely asso ciated group. Except for Q, which had some cross reactions out side the group, the rest had strong reciprocal crosses with no cross reactions outside the group. All members of this group had at least two lines that formed reactions of identity ( Fig. 4 ) .
From the results of immunodiffusion ( Table 1 ) the serotypes studied could be placed in 9 antigenic groups : plate against the unheated antisera to the other serotypes prepared in rabbits. When undiluted cultures were used, the reading and interpretation was difficult except in a few isolated cases. The in hibition zone around the discs seemed to depend on the potency of the specific antisera, concentration of the test culture, and moisture content of the agar. Inhibition zones under preliminary conditions were usually in the vicinity of 0.5 to 1 mm. In an attempt to standardize the results and make more meaningful comparisons, as well as to make reading and interpretation much simpler, the inocu lum of the culture to be tested was titrated and standardized ac cording to the results of preliminary trials. With standardized inocula the inhibition zones were much wider ( up to 11 mm ) . The size of the zone was in general inversely proportional to the titer. Table 2 shows the complete cross-inhibition patterns obtained by the disc growth inhibition. The results reported here are based on many trials until the proper culture concentration was obtained. To arrive at a standardized inoculum, tubes with 5 ml of FM medium were inoculated with a predetermined amount of a 24-48-hour culture. The culture was passed every day or two, depending on the type of culture under study, and titrations were done at each pas sage. Once the appropriate number of colony-forming units per ml was known to occur at each passage, the test was run with serial tenfold dilutions of the test culture.
Hyperimmune sera from 2 rabbits inoculated with serotype S antigen did not inhibit growth of the homologous culture even though the same serum reacted specifically with S antigen, forming five precipitin lines by gel diffuson. Many concentrations of the inoculum and test sera were tried unsuccessfully. Serotype S cul ture, on the other hand, was not inhibited by any specific antisera from the heterologous serotypes.
Mycoplasma gallisepticum (serotype A ) culture was inhibited only by the homologous antiserum. The inhibition zone with 4 X 10 5 CFU/ml w_as approximately 7 mm. With this serotype there was frequently a precipitin zone around the disc that almost coincided with the inhibition zone. Apparently, soluble antigens being released from the organisms within the colonies diffuse through the agar and precipitate with the antisera.
Mycoplasma meleagridis (serotype H) formed the widest zones seen. When 2 X 10 4 CFU /ml were used, the homologous antiserum inhibited a zone of 11 mm. There were no cross reactions with other serotypes. Occasionally a precipitation ring was seen inside the inhibition zone.
Serotypes /, J, K, N, Q, and R cross-reacted strongly. Each culture had an inhibition zone of 4 to 7 mm with the homologous antisera, and zones from 1 to 4 or 5 mm with each of the heterol ogous antisera.
Serotypes O and P cross-reacted reciprocally. P antiserum had a zone of 3 mm with the homologous culture and 1 mm zone with O cultures, and vice versa.
From the results of growth inhibition alone, the serotype studied could be placed into 11 antigenic groups as follows :
DISCUSSION
Immunodiffusion and growth inhibition appear to correlate fairly well in the antigenic analysis of avian mycoplasmas. The adoption of a modified disc growth-inhibition test with standardized inoculum used by Clyde (2) with human mycoplasmas facilitated reading and interpretation of the results and also facilitated the identification of new isolates. It is interesting that serotype S (M. synoviae) antisera from 2 rabbits did not inhibit growth of the homologous culture whereas the same sera produced five lines in gel-diffusion. This gains significance in view of the fact that in the last two major comprehensive attempts to characterize avian mycoplasmas ( 4, 14) no mention is made of inhibition of growth of serotype S even though in both cases the growth-inhibition test was one of the main criteria for antigenic study. It may be reasoned that an extremely potent serum is needed to inhibit growth of M. synoviae. However, Dierks ( 4) cited that for some types up to 30 injections were given to a rabbit in order to obtain antisera that would inhibit growth. No specific mention is made that this was done with serotype S, though it is suspected that this was the case.
Roberts and Olesiuk (13) mentioned that the isolation of bac teria from cultures of M. synoviae may be significant. They even go further and suggest that some growth characteristics of M. synoviae simulate bacteria in the L-phase. Namely, growth in broth appears to be better in the presence of penicillin and thallium ace-tate ; sediment is produced in broth, and repeated passage in broth causes it to become mucoid and unsuitable for antigen production. The apparent absence of inhibition of growth reported here, and the lack of reports of positive inhibition on the part of many in vestigators, does not support the idea that this organism might be an L-phase. Bacteria in the L-phase are also inhibited by anti sera, as opposed to the bacterial phase of the same organism, which is not inhibited. M. synoviae is already quite distinct from other mycoplasmas because of its characteristic DPN requirements, not yet found in other organisms within the Mycoplasmatales. The apparent lack of inhibition of growth of serotype S may be related to the reported inability to inhibit growt h of recent isolates of all avian serotypes. Morphological evidence indicates that some myco plasmas might possess "capsules." If a similar structure should be demonstrated in M. synoviae, it might explain this peculiar be havior.
When immunodiffusion studies are analyzed it is evident that the groupings formed by growth inhibition are confirmed by this test. However, gel diffusion showed that serotypes C, D, 0, and P are closely related. Growth inhibition detected only close associa tion between serotypes O and P. All four serotypes had at least one identical component serologically, as revealed by gel diffusion.
Sabry (14) studied the relation of these four serotypes by biochemical reactions and found no significant differences by these reactions alone. When they were compared by gel diffusion and growth inhibition, he found C and O closely related and D and P closely associated, but found no association among the four sero types. The prototype strains for the four serotypes used by him in his study are the same as used in this work except for C serotype. This might explain in part the difference in results, since they are different isolates. Sabry's C prototype strain is GC-2 ; the one used in this investigation was 859-y. Frey (8) compared these four serotypes by complement fixation ; he found that C, 0, and P cross reacted reciprocally, and that D cross..:reacted only with O and P serotypes.
It is not exactly known what effect, if any, repeated passage has on the antigenic composition of mycoplasmas. Contaminated, mixed, or mislabeled cultures might be another reason for some of these discrepancies. E, very possible precaution was taken to as sure that pure cultures were analyzed. However, it has been re-ported (3) that pure species cannot be guaranteed even by single colony picking combined with the terminal-dilution procedure. If this is true, there is no satisfactory procedure at present for purification of mixed cultures.
